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ABSTRACT 
This Paper is developed an innovative process of powder mined elecical discharge machining of high speed stel Tt grade and 
conducted an investigational to optimize the machining parameters associated with multiple performance characteristics using Grey 
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relational ana. Machining of high speed see! 1 grace i afultpraces via canventioal machining however, canbe easy 
machine by electric discharge machining. Cael Selected parameters gve the optimum resuts. in this experimental work input 
Parameters pulse on-time, discharge cent teal material and powder concentration are selected, The effect of input parameters 


viz matfal removal te, took wear ate and surface roughness are investigated. Grey relational analysis and analysis of variance are 
performed to optimize the input parameters and beter output results. ln this expeimentaton increment of tool wear rate by 
'5524%, material removal rate by 82 18% and surface roughnes by 42 49%. 


Keywords: lectric Discharge Machining, Powder Mixed EDM, High Speed Stel, GRA 


Abbreviation: EDM, GRA, 


1. INTRODUCTION 
Becta discharge machiaing (EDM) is one ofthe mos extensvely used non-conventional material removal processes (ingys PL et 
a, 2016) e nique feature of using thermal energy to machine electrically conductive pats regarlee of hardness has been a 
Astincve advantage in the manufacture of mould, de, automotive, aerospace and surgical components which are difiut to 
manufacture by conventional machining (NaotakeMalvi et al. 1995). In mechanism of EDM, unwanted parts af workpiece is 
removed bythe bigh temperature spark and many defects such ae cracks, porosity, eidual stress, improper recact yer ate found 
due to high temperature varaion (Lin et al. 2008), Hence an innovative technique known as powder mixed EDM has been 
peroxmed inthe presence of foreign patties suspended in dsectric medium to overcome same ofthe limitations of conventional 
DM (Kumar et al 2011) The mechanism of PMEDM is totally diferent from the conventional EDM (Fustani K et al 2007). 
suitable matali powder frm i mised int the deci ud of EDM. Whan a suitable voltage ie applied, the spark gap led up 
‘wth additive panies andthe gap distance setup between tol and the workpiece increasd from 25-80 to 50-150 mm lleswani 
"ML 1981), The powder patces get enetaized and behave inthe 29-209 fashion These charged particles ate accelerated by the 
lectic el and act as conductors. The powder parties vrange themselves under the sparking area and gather in clusters. The 
Chain formation hepsi the bridging the gap between bath the electrodes, which causes the ealyexplsion. Faster spatking within 
dlecharge takes place causes acter erosion from the wok: piace surface (S Chakraborty etal 2014), The chemical Composition of the 
high speed steel T1 grade has been shown in Table 1 Some important properties of high speed ste! TY grade are shawn in Table 2. 
Some important properties of Tool Copper and graphite has been shown in Table 3. Copper and Graphite Electrodes (19mm 
‘ameter and Om length) has been depctd in Figure 1 

Inthe experiment. elated parameters having two diferent level shown in Table 2, Design of exntimant ie prepared by Minitab 
67 software in which Ls orthogonal ara fe used, The levels ae select by plot expariments, For calculating MRR and TWR the 
intial and final weight of tool and workpiece sample respectively measured by weight machine and surface oughness of wotk 
piece sample is check by SM (RT-10) surface roughness tester 


‘able 1 Chemical Compostion of highspeed steel 11 grade 


Sage [sss [usar [oss ome [oon para [onaT oaas [oar [os [as [aa 
Benet fe [sma [Ps |e [we [w]e [nm |v lw [re 


“Table 2 Important propeties af High Speed Steel (T1 Grade) 


Properties High Speed Stel (F1 grade) 
Densiygfem? Bar 
Faison Ratio aro 
Tara Conde W7AR) 709 
Modules of Easy Tesion(GPa) Ta0-270 


‘able 3 Properties of Too! Materia: 


Properties Copper Graphite 
Density (g/em*) 06 2266 
Melting point (€) 7085 3682 

“Thermal conductivity (W/mK) 385 ea 


im 
{Copper 


Figure 1 Copper and Graphite Electrodes (19mm diameters and 6omm length) 
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Figure 2 Schematic Diagram of Powder mined EOM 


EE | 


2. MATERIAL AND METHODS 
Selected parameters and levels are shown in Table 4, For the design of experiment orthogonal aay Leis uted and design is 


prepared by Mint 67 software The decign af experiments shown in Tale. All the experiments are performed according ta the 
design experiment MRR and TWR are callated by the equation 1 and equation 2. in which density of work matefal pis B57 
gnvem Wis inital weight, Wy final weight after processing, ts time take in machining, Ts intial and T; weight of tool and p= 
Density of copper 896 gem and Density of graphite 2265 gnvem’ 


ua = 8! 1000 ¢nan/ ns 0 


rw = "2% 1000 (aa!) 2 


Surface roughoess is measured in Rai s the universally recognised and mest used international parameter of roughness. is 
the asthmetic mean ofthe absolute departure of the roughness profi ram the ean line 

After machining the MRR and TWR ave calculted and SR is checked, machining data f shown in Table 6 In wich MMR and 
TWR i calculated in mein and surface roughness in Ra. Powder Msedl EDM sample of high speed steel T1 grade has been 
depicted in Figure 3 


“Table 4 Different input or cantrallable pacameters and ther levels 


= Discharge False On-Time Fowler 
oot | current (a) us) concentration 
Tet] Copper 10 Eg 10% 
Levels Teed] Grape @ = ie 
Fixed Parameters 
‘Dislecrc Fid Tamas OT ashing Pressure Tega 
Polarity Seaght ‘Gpen Creat Vorage OV 
“Abrasive Eg ‘Abrasive Grit See cy 


“Table § Design of Experimentation Orthaganal ray Ls) and thei levee 


PulseOn | Discharge Powder 
ap | yes | ees feos] eae. 

7 @ 0 Copper 10% 

z w 7 Copper Te 

Fy @ 7 Graph Te 

7 w 7 Graphite Te 

5 w Ey Copper Te 

5 w Ey Copper Te 

T w wr Graphite ie 

7 w Ey Graphite Te 

7 w 7 Copper ie 

0 w 0 Copper Ea 

7 rr 0 Graphite 1 


2 “0 0 Graphite 20% 
ry w Ey Copper Te 
7 w Ey Copper Te 
cy @ Ey Graphite ie 
7 ry Ey Graphite Te 


‘able 6 Design of Experimentation (orthogonal Aay Li) and their levels 


High Speed Steel (T1 Grade) 
Trail MRR wR sk 
(ene) ene) (atieron) 
7 Tar Ta Ze 
Tae a Ti 
TT aaa To 
Tae 300 5 
Tear ay oe 
Ta Ta cy 
TaD oy Tz 
TEE Ea SET) 
Tie Ta TH 
70 Py ry Py 
Tr aT sam ry 
7% Ta S300 ie 
ry aE ry a) 
7 Tae a7 Tie 
rc TERE a Te 
rs oy a So) 


Sample Sample Sample 4 Sample S 
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‘Sample 10 


sample 1 Sample 12 Sample 4 Sample 15 


Sample 6 


Figure 3 Powder Mised EDM sample of high speed ste! TY grade 


3, RESULTS AND DISCUSSION 
In grey relation analysis, data pre-processing is necessary to Sequence seater range. Data pre-processing isa pracess in which 
oiginal sequence i transfered into comparable Sequence. The experiment results are normalied in the range between 210 (0) 
‘and one (1). Depending on output parameters, data pre-processing methodologies are adopted (Lin eal. 200; Lin & Lee 2008; You 
‘eal 2017, MRR the governing output parameter in EDM which decided the machinabaliy of work mate under deliberation 
"arger-the better characteristic used for MRR to normalize the eiginal sequence by equation 3 


X,()—MinX,(K) 


eet @ 
‘Maxx (K)~ MinX (R) 


‘where, X,°(K) isthe sequence aftr the data processing, X, (KC) isthe comparability sequence, K=1 for MRR i= 12...16 far 
experiment number 11 16 
TWR and SR are the impoctant measure of EDM: these cutput parameters are representing the machining accuracy under 


Selected Input parameters (Patil & Pat 2006, Das et al. 2018, To get the optimum performance the “Smaller the-better 
characteristic hasbeen pefera ta normale the onignal sequence date by equation 4, 


(4) = —MaeXK) = XK) 
‘MaxX,(K) ~ Mink, (K) 


“ 


where, X,'(AC)is the sequence after the data processing, X,(K)is the comparability sequence, K=2, K=3 for TWR and SR 


123.16 for experiment number 1 16. X,'(K)is the value after grey relational generason, Min X,(K1) and Max X,(X)are 
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the smalest and ages value of X,(K). Aer normalized MRR, TWR and SR of High Speed Stel T1 grade comparable sequence is 
shown inthe Table 7 


Now ,,(KC) is the deviation sequence between reference sequence X,"(K) and the comparabilty sequence X,"(K) 


(amad et a. 2016).Devation sequence i alulate by the equation 5 and maximum and minimum diference is found, K=1 and 2 


ad i= 1.2.3.1 
w(K) =|, (K)-X, (8) ee 
The deviation sequence tables shown in the Table & Maximum (AMar’ an Minimum (AMin ate obtained an shown below 


AMas 


Ay (= As) 
Au) = Sa) 


Ay@) 
An) 


Alter per-processing data, the net step in calulate the Grey rlatinal coefficient and Grey relation grade with the pre- 
processed data (Ln etal 2005). defines the relationship between ideal and actual noemalzed result. Grey elation coetcent £ 
canbe expressed as equation 6's shown below 


__AMin+ pAMax 
4, (K+ aXMax 


E(w) 6 


where, A (A)is te deviation sequence of the reference sequence X/"(KK) and the comparably sequence, is 


dlsinguichng or identification coeficat In this eakulation > 


5 because al parameters are given equal preerence Lin 2012 
The Gey relation coefficient for each experiment ofthe L16 orthogonal rays calculated by using equation 6 and shown in Table 9. 
After obtaining the Grey relation coefficient, the Grey relation grade 7, is obtained by averaging the Grey elation coefficient 
corresponding to each performance characteristic and represent by (1). £,(2),£,(3) Equation 7 (Manivanna et a 2011) show 
‘the general formula of Grey relation grade and equations for three output parameters, shown in Table 7 


te Dal) _—n 


60) +E)+E0)) 8) 


The higher value of Gey ration grade ie represent thatthe coresponding experiment result fe much cote tothe ideally 
rnodmalized value. Experiment number 02 ges the best multisle performance characteristics among the 16 experiment becuse it 
hae the highs valu of grey relation grade. Now the experimental design ic orthogonal, ite possible to separate aut the effect of 
‘ach parameter onthe basis of Grey elation grade. Mean of Grey relation rade is calculated fr lve 1 and 2 by averaging the Grey 
relation grade ofthe experiment 1 to 8 and 9 to16 ae shown in Table @. The mean af Grey relation grade for pulse On-time, 
dlzcharge curent, tool Matera and Powder concentration are calcusted in same manner The otal mean of Grey relation grade for 
‘6eepetiments is als shown in the Table 10. "Level for optimum grey relational grade, Optimum level parameters are find out fom 
response table ad shown in the Figur 4 Larger value of Gey elation rade is coser to the ideal valu. Therefor, the optimum 
parameters sting for higher MRR an lower TWR and SR are A8\C:0: 

Furthermare, Analysis of variance (ANOVA) i performed on Gre relation grade to achieve contibuton af each input parameter 
affecting the output parameters. ANOVA for Grey relational grade is shown in Table 1 nation F-test aso used ta find aut 
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EE | 


the percentage contbution of each parameter From Table 17 it daar that material of toa! have the significant rle in the 
‘machining which have 89.43% contribution of tool materia 2.27% cntnibution af discharge curent, 0.19% contibuton of pulse 
on-time and 0.007% contibuion of powd concentration inthe machining af High Speed Stee T grade 

After analysis input parameters having percentage contibution in Grey Relational Grade according to te below sequence are 
943% tal material, 237% dlecharge curent 0.19% pulse on-time and 0.001% powder concentation shaw that tol materi 
has maximum contibtion and powder concentration have minimum contution in optimum machining pat 
Contbuton of input parameters for output response is shown in Figure SAfter Grey Relational Analysis the comparison between 


ters. Percentage 


the 1 tial ephogonalaray and grey flational analysis output parameters, gives improvement in the output response It has 
324% TWR, 52.10% in MRR and 42.49% in SR 


“able 7 The sequence ofeach perfomance charactors ater data processing 


High Speed Steel (T1 Grade) 
Trait TARR TWR Eg 

Reference Sequence T T i 
7 Po [ESTA TaROGT 
z ‘260051 T 7 
= TaAToe PE THe 
a a 35287 DaBOToT 
5 Daa O7a257 TSBs 
G aE OraaaTE DrOsTor 
7 PE OST Da67aOT 
@ 3087 ‘0080057 208877 
z ‘aaa067 aa207 Dale 
70. Peso eae Dares 
7 ‘2088 EH One 
7% Trae OTe THES 
= T eaaRT Dase7 
a Taree ‘O7aSETa DISS 
= PEs 7 7 
76 DADE TiO oR 


“Table 8 The deviation sequences 


Deviation Sequence A) AQ) 
7 azaaTs Toa 
z BEC 7 
= Taser Pe Tae 
z 7 DeBtTS (700877 
= TT TESTO Tass 
a [Ez Casa pay 
7. Tess DaaBA Por) 
@ TeaOSTS Ey COT 
7 Pea] TISTO Tare 
70. 0230008 OTe o1a457 
7 Trae PZ Eu} 
7 TESTE Pra OTe 
cs @ PEE TST 
7 aaa Perey Cory 


15 | | 1 1 
1 T a 
“able 9 The cleat Grey Relational Grade ands order nthe optimization proces 
nay Grey Relational Coetfiient ‘rey Relation Grade 
No. rehewm+sarrgc) | Mn 
Em EQ GOT 73 
7 TVET SRST OsToTe TT 
z TORE 7 7 Te0ToBT 
B 3a Tasoae oases Tags 
a TH TO Oana TST9EF 
5 TSERBIS a6 0847257 OOH 
a Taare Daeea3e 827907 T586357 3 
7. T3857 PE o30a138 7377885 76 
@ TASS 0350585 Ta756 7398739 70 
7 TS05T7 renee orate TeaTaB 5 
To [0030575 aDBSSe TaN T3508 7 
TE O3a72a 0360065 8097 7385758 7 
[7 CELETCY cera 393204 aaaTeT4 i 
7 7 aaiz6e1 TATED Tamra z 
Ta [056 5a57es aaa Tear G 
15 0510708 [EEE CE TSQRET T 
Te | —0asri76 0357253 O35a712 T3558 ca 
“Table 10 Response Table forthe Grey Relational Grade 
Grey Relation Grade Main ttect 
bot | Machining Parameters Ranke 
ie 2 Tevet Tevet? | _(Max-Min) 
* Fake OncTine 05380 05252 ToT 
z Dasharge Cae 5a O58 TOUS, z 
c Toot Matra Tare aaa 7 
‘3 [Power Concenation 05513 cee < 
Total mean value ofthe Grey Relational Grade 7, = 0531811 
“Table 11 ANOVA of Gay Relation Grade 
Si Degree of | Sumof | Mean von | Perentage 
Groat Freedom | Squares | squares | 8°" | contitution 
Fase One 7 0n0e9a | — 0.00654 1 01% 
Discharge Cuer 7 ooeari | —o00eaTt 337 2a 
Tool Water 7 aves | —osvaae | 12508 wae 
Power Concenvavan 7 ‘0co00a | —o.00008 Ta 
or 17 ‘0zazr0 | —0002sr 
Tor 5 O35RGET 


‘able 12 improvementin Grey telatonal grade wih optimized EDM machining parameters 


(Optimal Machining Parameters 
Condon Decipon | Maino Prise Faeyr 
eo ABiCDs 
Ta TT Tas TESS ETE) 
TR (mia 3502 1252 (652%) 
SR eon Zo CZ 
Gray Relational ade DrsTsz Caer 


Trproverent in Grey raatonal ade = 03207 


Main Effects Plot for Grey Relational Grade 


GRA Analysis 
oo Piston Tne Dice Grant | —TolMnsl Ponder Conantin 
foe 
i 
Eas 
H saver SS ——s 
das 

a a ey 


Figure 4 Etfect of EDM parameters on the multiple-performance characteristics 


Percentage Contribution 
mm 2% 
s ruse OnTine 
sbichargeComent 
‘Too Materit 


‘= Powder Concentration 


Ero 


Figure 5 Percentage contibuton af input factors on Grey Relational Grade 


Figure 6 SEM image of &s B,C, Ds) at magnification 1200K and 2000 


Figure 7 SEM image of B,C, Ds) at magnification 1200X and 2000% 


After gating the optimum parameters for machining, the expriment i performed by those input setting (A, 8 C,D:) Figure 6 
shows the Scanning electron microscope (SEM) images of high speed steel 1 grade wih machining setting (A, By CDs) In which 
‘machining by PMEDM is performed and same crack are aa found an the work surface. In ater hand in Figure 7 the PMEDM of 
high speed steel Tt grade is performed by optimum parameters wich are found by Grey relational analysis ABCD, there is 
smoother and crack free surface, 

‘SEM images of gure ae at (A: 8: CD) where A, pulse on-time is 30s, 8; discharge cutetis Tampere, C; tool materials 
copper and D; powder concentration is 10% 

‘SEM images of gure ae at (A: 8: CDs) where A, pulse on-time is 30s, 8; discharge current is 1AmpereC; tool mates 
copper and Ds powder concentrations 20% 


4, CONCLUSION 
The optimum machining parameters ar ienttying by Grey relational grade for mutiple performance characteristics that MAR, 
TWR and SR. This experimental research paper presented the mult-abjecve optimization of electic alechange machining 
parameters of High Speed Stee! T1 gade by Grey relational anahsis method. Following conclusions re concluded from the 
experimentation analysis 
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The optimum value of MER of High Speed Stel T1 i 18.5436mm"/min and is gained by copper too wth pulse on-time AOys, 
sdechargecurtent of 20 Armpees and powder cncantration of 10%, 
The optimum value of TW incase machining of High Speed Steet TT is gained by copper tol under pulse on-time 30)5, 
sechargecurtent af 10 Ampees and powder concentration of 20% 
The optimum value of SR for machining of High Speed Steel is 2213 microns i achieved by tool of copper at pulse on-time 


30s, discharge curent of 10 Amperes and powder concentration af 20%. 


the machin surtace 


FUTURE ISSUES 


Highest MRR fr machining High Speed Stee 1 is achieved when using copper as taolin EDM. 
Minimum MRR i achieved while machining wit graphite tool 

"Maximum tool wear rat is achieved when Graphite tool esac in EDM. 

Minimum tal wea cate fs achieved when copper tool i used in EDM 

Minor cracks are formed on workpiece surface while using graphite 35a tcl and surface roughness is ery high 

Graphite tool gives the poor MAR as wel as TWR. After SEM analysis we find thatthe gaphite partes are ao depasied on 


To study the performance characteristics Ike material removal rate (MRR) tool wear rte (TR) and surface roughnese (SR) of high 
speed steel (T1} grade by using powder mined elec discharge machining, The result of the study will be beneficial forthe 
Indust applications and manufacturing industries to gt better results for single output response. The obtained results have also 
been modeled forthe use in manufacturing industies. Rey relational analysis for process optimization of powder mixed elec 
‘dicharge machining of high speed stl (7) grade has been conducted to improve the qualty, prosuctity and machnabilty of 


‘these materials 
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